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http://dx.doi.org/10.1016/j.hkpj.2012.05.Abstract Physical inactivity reduces cardiorespiratory fitness, which further compromises
a stroke victim’s daily living activities. It is well known that aerobic exercise can improve cardio-
respiratory fitness. We conducted an exploratory study with an aim to compare oxygen
consumption and peak heart rate between stroke patients and healthy participants during
the performance of the tasks on the Modified Rivermead Mobility Index (MRMI) and to determine
if these tasks reach an aerobic level of intensity during training. Oxygen consumption and heart
rate weremeasured during the performance of the MRMI tasks in healthy patients and those who
had suffered a stroke. Data between the two groups were compared using the independent t
test and the Mann-Whitney U test, depending on if the criteria for parametric statistics were
fulfilled. Results of the study found that there were no between-group differences in terms
of the rate of oxygen consumption during the completion of the MRMI tasks (p > 0.05). Stroke
patients took longer to perform the tasks (10-minute walk and stair climbing; p Z 0.006)
and, therefore, were associated with a higher total level of oxygen consumption compared with
healthy participants (p < 0.001). The peak heart rate attained during all of MRMI tasks (except
for rolling) by the stroke group was 50e60% of the age-predicted maximum heart rate, which
was significantly higher than the healthy control group (p < 0.05) during the transfer and
walking tasks. We concluded that stroke patients require more total oxygen to complete certain
MRMI tasks. These functional tasks could potentially be used as adjunct protocols to assist
patients with stroke during aerobic training, but this will require further study.
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77Introduction
The majority of stroke survivors live with residual physical
impairments, such as muscle weakness, spasticity, and
balance deficits, which may lead to a sedentary lifestyle
and cardiovascular deconditioning [1,2]. In stroke survivors,
peak oxygen consumption (peak VO2), which is an impor-
tant indicator of cardiovascular fitness, is on average <50%
of that of healthy individuals [2,3]. Cress et al [4] reported
that a peak VO2 level of 20 mL/kg/minute is required for
elderly people between 65e97 years of age to achieve
independent living, and most activities of daily living (ADL)
consume oxygen at a rate of 10.5e17.5 mL/kg/minute [2],
leaving only minimal reserves in stroke patients. These data
suggest that some stroke survivors have to work at near
their maximum capacity in order to perform daily func-
tional activities. Poor cardiovascular fitness may impede
the physical functioning of stroke survivors. Recent
research has shown that poor aerobic endurance is a major
contributor to slow gait velocity and poor long-distance
walking in stroke patients [5,6].
Aerobic exercise can be achieved using a treadmill and
cycle ergometer [7,8], but such equipment is costly and
requires space to operate; furthermore, many stroke
patients find the cycle ergometer unnatural and difficult to
use if cycling was not a habitual functional activity prior to
their stroke. In patients with severe sensorimotor impair-
ment and spasticity, the cycle ergometer may not even be
a feasible option. Mobility exercises that can emulate daily
activities and sustain cardiopulmonary fitness without
advanced equipment would be of great benefit to stroke
victims [9].Unfortunately, theheart rate (HR) of participants
during “routine” physiotherapy treatment is reportedly
<40% of the HR reserve, and, therefore, would not induce
beneficial training effects [10,11]. Pang et al [9] designed
a 19-week community-based programme for chronic stroke
patients that involved daily mobility exercises (e.g., brisk
walking, repeated sitting and standing, stepping onto risers),
which did not require advanced equipment, and achieved
a target HR of 70e80% of the HR reserve. Their results show
that the exercise group demonstrated significantly better
aerobic fitness and walking endurance outcomes than the
control group. However, all of the participants in their pro-
gramme were ambulatory and only had mild stroke impair-
ments. The activities of this programme may have been too
difficult for those with more impaired motor function.
The Modified Rivermead Mobility Index (MRMI) [12] is
a tool that is commonly used to assess mobility in patients
with stroke. The tasks involved in the MRMI assessment are
simple, functional, and essential activities. Oxygen
consumption and cardiovascular changes during MRMI
assessment have not been studied. The aim of this study was
to measure oxygen consumption and peak heart rate during
the performance of MRMI tasks in age-matched healthy and
stroke patients, and to explore the possibility of adopting the
MRMI tasks for aerobic training in patients with stroke.
Methods
Ethical approval was obtained from the human ethics
committee of the involved university and the institutionalreview board of the involved hospital prior to the
commencement of the study.
Participants
The patients recruited for this study had suffered a stroke
and were referred by the doctor in charge of the stroke unit
at the local hospital or from community self-help groups in
Hong Kong. The patient inclusion criteria included the
following: (1) diagnosis of a hemispheric stroke; (2) age 50
years; (3) ambulatory with or without a walking aid; and (4)
the ability to provide informed consent and understand the
evaluation procedures. Exclusion criteria included: (1)
brainstem or cerebellar lesion; (2) unconscious or drowsy
condition; (3) any musculoskeletal, respiratory, or other
diseases that limited ADL (e.g., severe rheumatoid
arthritis, severe chronic obstructive airways disease, end-
stage renal failure); and (4) serious cardiovascular disease
(e.g., uncontrolled hypertension, arrhythmia, angina). A
group of healthy participants were recruited by conve-
nience sampling as a control comparison. Written informed
consent was obtained from all participants prior to data
collection.
Experimental procedure
All participants wore a face mask that was attached via
a turbine to a metabolic cart (K4b2; Cosmed, Rome, Italy)
that provided breath-by-breath analysis of the oxygen
consumed and a Polar heart rate monitor (Polar RS800CX;
Helsinki, Finland) while performing the MRMI tasks (see
below). The K4b2 cart was calibrated prior to the
measurement of each participant’s data, as instructed by
the manufacturer. Systolic and diastolic blood pressure
(BP) were measured using a mercury sphygmomano-
meter (Diplomat-presameter; Riester GmbH, Jungingen,
Germany) before and after the completion of the tasks on
the MRMI assessment. After 10 minutes of rest and the
recording of the baseline resting HR and oxygen consump-
tion, these two variables were continuously measured when
the participants performed the tasks required for the MRMI
assessment.
The MRMI task set included the following 10 tasks: rolling
right, rolling left, moving from a lying to sitting position,
sitting balance, moving from a sitting to standing position,
standing balance, transfer from a bed (55 cm high) to
a chair (45 cm high), transfer from a chair back to a bed,
10-m walk, and climbing a flight of stairs (13 steps at the
laboratory; 12 steps at the hospital). For standing balance,
each participant was asked to stand with their feet at
shoulder-width apart, hands by their sides, and to stand for
1 minute. For stair climbing, the task included both
climbing up and down the stairs. Recording began when one
of the feet first contacted the step and lasted until the last
foot was off the stairs.
Participants were instructed to perform each task
once, in the order described above, and at a speed that
matched their conduct in a daily context. The stroke
patients were measured while performing the tasks in the
hospital treatment area, while the healthy participants
performed the tasks in a university laboratory setting. The
78 F.B.A. Rahman et al.time required for each participant to complete all 10
tasks was recorded using a stopwatch. The maximum HR
(HRmax) was computed by subtracting the patient’s age (in
years) from 220 [13]. The HR recorded during the
performance of each task is expressed as a percentage of
the HRmax.Statistical analysis
Descriptive statistics were used to evaluate all of the
measured variables. The major variables of interests were
the rate of oxygen consumption (mL/kg/minute), total
oxygen consumed (mL/kg), and peak HR (beats/minute)
during each activity. The total oxygen consumed (mL/kg)
during each MRMI task was computed from the “area under
curve” using the NCSS statistical programme (NCSS 2007
version 07.1.18; Kaysville, Utah, USA). The Kolmogorov-
Smirnov test was used to determine if the data were
normally distributed. The independent t test was used to
compare parametric data between the stroke patients and
the control group. The Mann-Whitney U test was used to
analyse variables that did not meet the criteria for
parametric analysis. Analyses were performed using PASW
Statistics 18 (SPSS Inc., Chicago, IL, USA), with p < 0.05
indicating significance (2-tailed).Results
A total of 12 stroke patients and 19 healthy participants
were recruited and completed the study. Baseline and
demographic data on all participants are displayed in
Table 1. The completion time, VO2, and peak HR during
each task are presented in Table 2. Between-group
comparisons of the stroke patients and healthy partici-
pants demonstrated no significant differences in terms of
age, body mass index (BMI), baseline VO2, baseline diastolic
BP, and baseline HR. The resting systolic BP was higher in
the stroke patients (136  10.78 mmHg) compared with the
controls (119  9.05 mmHg; p < 0.001). There were
significantly more men in the stroke group compared with
the controls (p Z 0.011).Changes in HR and oxygen consumption associated
with the MRMI tasks
There were no between-group differences in terms of the
rate of oxygen consumption (mL/kg/minute) during each
MRMI task. The amount of time required to complete the
10-m walking and stair climbing tasks were longer for the
stroke patients (10-m walk: 21.75  6.4 seconds; stair
climbing: 35.33  11 seconds) (p Z 0.001) compared with
the control group (10-m walk: 13.58  2.8 seconds; stair
climb: 17.32  2.9 seconds) (p Z 0.001). For these tasks,
total oxygen consumption was higher in the stroke group
compared with the control participants (10-m walk:
103.47  23.96 mL/kg and 163.64  28.50 mL/kg for the
control and stroke groups, respectively, p Z 0.006; stairs
climbing: 185.78  25.84 mL/kg and 388.83  31.83 mL/kg,
respectively, p < 0.001).Peak HR during the performance of the MRMI tasks
The only between-group differences in terms of the peak HR
were during the transfer and walking tasks. The peak HR (in
terms of the percentage of the age-predicted maximum HR)
during transfer from a bed to a chair, and vice versa, was
significantly lower in healthy participants compared with
stroke patients. The peak HR of the healthy participants
during the transfer from a bed to a chair was 46.6%  5.9
HRmax; for stroke patients, the peakHRwas 53.3% 9.2 HRmax
(pZ 0.043). During the transfer from a chair to a bed, these
values were 47.62%  5.6 HRmax for the healthy participants
and 53.95%  8.8 HRmax for the stroke patients, respectively
(p Z 0.039). During the 10-m walk, the peak HR was
51.74%  7.1 HRmax for the control group and 56.02%  8.0
HRmax for the stroke patients (pZ 0.030; Fig. 1 and Table 2).Discussion
The aim of this study was to investigate oxygen consump-
tion and peak HR during the performance of MRMI tasks in
stroke patients and to explore the possibility of adopting
the MRMI tasks for aerobic training in this population. It is
well known that a linear relationship exists between HR and
oxygen uptake [14], and the percentage of HRmax is the
most common expression of exercise intensity that has
been adopted for use in exercise training programmes [14].
In order to achieve adaptive effects and demonstrate
improvements in cardiovascular fitness, The American
College of Sports Medicine recommends an exercise inten-
sity that corresponds to between 55e65% and 95% of HRmax
[15]. This current study shows that the peak HR achieved
during the MRMI tasks ranged between 50e60% of HRmax.
Thus, these exercises appear to be appropriate for the
aerobic training of patients with stroke.
Our findings show no significant differences in the rates of
oxygen consumption during the completion of MRMI tasks
between stroke patients and age-matched healthy individ-
uals. This is not surprising because the compendium of
physical activities reports a standard expenditure of energy
when performing particular mobility tasks [16]. While the
rate of energy expenditure (metabolic equivalent) required
to complete a certain activity is standardised, the actual total
amount of energy spent performing a certain activity can vary
depending on the time required to complete the task. This
current study shows that the total amount of oxygen
consumed to complete the 10-m walking and stair climbing
activities was in fact higher in the stroke group compared
with the control group, probably due to the longer time
required to complete these tasks as well as by the increased
exerted effort required by the stroke patients. Due to various
sensorimotor deficits, including muscle weakness, impaired
movement coordination, and balance dysfunctions, it may
take stroke patients longer to complete different functional
activities. This may partly account for the increased total
amount of oxygen required to complete the MRMI tasks
[17e22]. However, direct data comparisons with previous
studies are not possible because the height of the stairs and
number of steps were not reported in previous studies [2,16].
Peak VO2 in patients with stroke is lower than patients
without stroke [2,23,24]; therefore, stroke patients perform
Table 1 Demographic data on the stroke patients and healthy participants (control). Data in the parentheses are the standard
deviations
Variables Stroke (n Z 12) Control (n Z 19) p
Age (y) 62.9 (11.57) 58.9 (5.68) 0.205
Body mass index (kg/m2) 23.8 (2.15) 23.3 (3.48) 0.627
Sex*
Male: Female 10:2 7:12 0.011
Type of stroke
Ischemic 11
Haemorrhagic 1
Hemiparetic side
Right 7
Left 4
Bilateral 1
Time since stroke (median)
2e4 weeks (3) 5
3e7 years (5) 7
Ambulatory status
Independent 9
Supervision 3
Walking aid
None 10
Cane 2
Comorbidities
Hypertension 8
Hyperlipidaemia 2
Atrial Fibrillation 2
Diabetes Mellitus 3
Medication
Antihypertensive 8
Beta-blockers 5
Anti-platelet 3
Anti-coagulant 2
Lipid-lowering 2
Anti-diabetes 2
Baseline VO2 (mL/min/kg) 3.57 (0.64) 3.58 (0.63) 0.975
Baseline systolic BP (mmHg)y 136 (10.78) 119 (9.05) <0.001
Baseline diastolic BP (mmHg) 76.0 (11.37) 68.5 (8.00) 0.059
Baseline HR (beats/min) 69.0 (11.66) 66.0 (8.53) 0.617
BP Z blood pressure; HR Z heart rate; VO2 Z oxygen consumption.
* denotes p < 0.05.
y denotes p < 0.001.
79the same tasks using a higher percentage of their peak VO2.
This study demonstrates that stroke patients reached
50e60% of their age-predicted HRmax during all of the MRMI
tasks (except rolling). An exercise intensity of 50e80% of the
HRmax is recommended by the American Heart Association
and the American College of Sports Medicine as appropriate
for aerobic training in patients with stroke [25,26]. Aerobic
training intensity at 50e60% HRmax is also associated with
a low rate of adverse events [27,28]. Our findings suggest
that MRMI tasks can be used to reach an exercise intensity of
50e80% of HRmax and, thus, could be adopted as activities
for aerobic training in patients with stroke. However,
a randomized controlled study is required to investigatewhether a structured exercise program that incorporates
these functional activities effectively improves cardiovas-
cular fitness in stroke patients.
Walking and stair climbing are activities commonly
employed during physiotherapy treatment programmes for
gait training rather than cardiopulmonary fitness [29].
Conventional physiotherapy treatments can reportedly only
reach 40% of a patient’s HRmax [8], and oftentimes the
exercise duration is too short to induce aerobic condi-
tioning effects [30]. Pang et al specifically designed an
intensive exercise programme that involved supervised
walking, sitting-to-standing exercises, and stepping for
individuals with chronic stroke. The exercise programme,
Table 2 Differences between the healthy and stroke participants
Task Variables measured
VO2rate (mL/min/kg) VO2total (mL) %HR max achieved
Mean (SD) p Effect size Mean (SD) p Effect size Mean (SD) p Effect size
Rolling right
Healthy 3.07 (1.08) 0.615 0.09 13.52 (9.07) 0.562 0.17 42.57 (6.1) 0.509 0.44
Stroke 2.96 (1.37) 15.02 (8.48) 45.83 (9.1)
Rolling left
Healthy 3.25 (1.10) 0.918 0.12 14.32 (7.07) 0.704 0.11 44.52 (5.8) 0.435 0.43
Stroke 3.41 (1.66) 15.17 (8.63) 47.66 (9.3)
Lying to sitting
Healthy 4.22 (1.71) 0.855 0.12 27.05 (17.12) 0.889 0.08 47.92 (6.2) 0.412 0.38
Stroke 4.44 (1.90) 28.45 (16.83) 50.77 (9.1)
Sitting balance
Healthy 4.70 (1.30) 0.803 0.01 48.48 (16.72) 0.826 0.01 50.17 (7.6) 0.484 0.24
Stroke 4.72 (1.57) 48.22 (18.81) 51.99 (7.9)
Sitting to standing
Healthy 5.05 (1.59) 0.822 0.34 24.47 (11.53) 0.765 0.06 50.21 (7.5) 0.484 0.12
Stroke 5.58 (1.49) 25.17 (13.74) 51.11 (6.7)
Standing balance
Healthy 5.19 (1.31) 0.187 0.03 58.83 (16.88) 0.765 0.55 47.16 (5.5) 0.093 0.80
Stroke 5.16 (0.79) 50.18 (13.63) 52.61 (8.6)
Transfer from bed to chair
Healthy 5.85 (1.71) 0.163 0.44 21.06 (7.39) 0.710 0.79 46.65 (5.9) 0.043* 0.91
Stroke 5.16 (1.27) 28.81 (12.85) 53.30 (9.2)
Transfer from chair to bed
Healthy 6.99 (1.78) 0.374 0.42 27.48 (12.94) 0.064 0.57 47.62 (5.6) 0.039* 0.91
Stroke 6.31 (1.34) 34.79 (12.46) 53.95 (8.8)
10-m walk
Healthy 7.39 (2.01) 0.538 0.14 103.47 (23.96) 0.006* 2.33 51.74 (7.1) 0.030* 0.57
Stroke 7.14 (1.33) 163.64 (28.59) 56.02 (8.0)
Stairs
Healthy 10.50 (2.42) 0.808 0.09 185.78 (25.84) 0.000* 7.18 55.78 (4.5) 0.072 0.63
Stroke 10.71 (2.23) 388.83 (31.83) 59.89 (8.9)
*Indicates significant difference, p < 0.05.
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an exercise intensity of 70e80% of the patient’s HR reserve,
was shown to effectively improve the peak VO2 and walking
endurance by 11% and 20%, respectively, after approxi-
mately 5 months of training [9]. Our study suggests that
simple, daily functional tasks, such as turning right to left,
transferring from a bed to a chair, walking, and stair
climbing, are able to provide moderately intense training in
patients with stroke. However, if such tasks are to be
employed to improve aerobic fitness, an optimum duration
and repetition frequency for each task would be needed to
achieve a positive training effect. This notion requires
further investigations.
Study limitations
The order that the MRMI tasks were performed was not
randomised in this study. It may be possible that the strokepatients become more easily fatigued than the healthy
participants, leading to a higher recorded level of oxygen
consumption on the last few items. However, MRMI is
a standardized scale that was developed to assess the
mobility of stroke patients. The tasks covered are stand-
ardised in order of the progressive demands of antigravity
muscle work. However, because the main aim of this study
was to investigate if the completion of these MRMI activities
would sufficiently raise the level of oxygen consumption
and possibly demonstrate exercise training effects, and
because the order of the exercises was the same for both
participants with and without stroke, we considered any
possible effect due to the order to be minimal.
The HRmax of the participants was determined using the
age-predicted HRmax formula, however this formula only
provides an estimate of the participant’s maximum aerobic
capacity. However, at the stroke unit that was recruited,
approval from the hospital’s ethics committee to conduct
Figure 1 Changes in heart rate in terms of the percentage of the age-predicted maximum heart rate during the completion of
various tasks. *Denotes between-group differences of p < 0.05.
81a maximal exercise tests in patients with a relatively recent
onset of stroke would not be granted because of the risk of
an unwanted adverse events that could arise.
The sex difference between the two groups may have
affected our data. More male participants were recruited
for the stroke group and more female participants were
recruited for the control group. The higher aerobic capacity
of the healthy male participants should mean that they
would normally perform the same tasks at a lower
percentage of their HRmax compared with female subjects.
Despite the larger number of males in our stroke group, the
percentage of HRmax achieved during the tasks remained
higher than the control group. Therefore, we conclude that
sex differences in this age group of patients probably had
a minimal effect on our data. It would appear that despite
the sex difference, stroke patients performed the tasks at
a higher percentage of their HRmax.
Finally, another limitation of the study is the reduced
statistical power due to the small sample size that was
recruited. For example, for the measurement of total VO2
during the bed-to-chair transfer task, the standardized
effect size was 0.79 and the associated statistical power
was only 0.67. To detect a significant difference between
the two groups, a larger sample size of 27 participants per
group would be required (alpha Z 0.05, power Z 0.8).Conclusion
This study shows that while the rate of oxygen consumption
was similar between stroke patients and age-matched
healthy participants across all MRMI tasks, the total
oxygen consumed by the stroke patients was higher during
the walking task. During the bed-to-chair transfer and
walking tasks, the peak HR achieved in the stroke group wassignificantly higher than that of the healthy control group.
The peak HR achieved by the stroke patients during the
MRMI tasks was 50e60% of the HRmax. The activities
involved in the MRMI assessment appear to be appropriate
exercises for aerobic fitness training in our cohort of stroke
patients. In order to determine the protocol that achieves
the best training effect in stroke patients, further investi-
gations are needed.Disclosures
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